Introduction
The EEG is an important neurodiagnostic tool in epilepsy. Approximately, 30% of patients diagnosed with epilepsy may have been misdiagnosed, many with EEGs incorrectly interpreted as epileptiform [1] . Misdiagnoses may lead to unnecessary treatments and harms.
The lack of standardized EEG interpretation training in neurology residency may contribute to this problem. Per the Accreditation Council for Graduate Medical Education, neurology residents should be qualified to interpret EEGs upon graduation [2] . However, 43.2% of neurology residencies have no dedicated EEG rotations [3] . The average American neurology residency provides only 6 weeks of EEG training [3] . Additionally, 74% of neurology trainees will receive no further EEG training beyond residency [4] . Despite this, most EEGs are read by neurologists without EEG training beyond residency [5] .
Due to resource constraints, most neurology residencies may not be able to increase the time their residents spend interpreting EEGs under the supervision of a fellowship-trained electroencephalographer. A new method of EEG instruction is needed which can provide practice interpreting EEGs and expert level feedback without increasing faculty demands. The Veteran's Affairs Boston Healthcare System (VABHS) Epilepsy Division has developed an automated teaching program to present selected teaching EEGs to Purpose: EEG interpretation is a fundamental procedural skill in the practice of neurology, but there is no standardized method for educating residents. One-to-one instruction is commonly employed, but is time intensive for supervising physicians, provides arbitrary exposure to normal and abnormal EEG patterns, and often lacks immediate and detailed feedback on performance. Here, we investigated the effectiveness of a novel automated program to assist in educating neurology residents in EEG interpretation. Methods: An EEG teaching program was developed to provide neurology residents EEG training less dependent on attending supervision. Residents enter interpretations of full-length pre-selected EEGs and receive immediate feedback based on consensus interpretation of supervising epileptologists. Resident learning was assessed based on performance on matched pre-and post-tests covering common EEG findings including artifacts, normal variants, and abnormalities. Results: Twenty residents were included in this analysis: 12 post-graduate year (PGY) 3 and eight PGY 4 neurology residents. All residents showed improvement, from a mean score of 42.7% (95% CI 36.9-48.5%) on the pre-test to 75.4% (95% CI 70.7-80.2%) on the post-test (p < 0.001). No significant difference was noted between the classes. Residents reported taking 16À30 h to complete this teaching module spread over a 3-week rotation.
Conclusion: This pilot study demonstrated the effectiveness of an automated EEG teaching program used by neurology residents in training. This tool could serve as an effective method of supplementing resident education.
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neurology residents, evaluate performance, and provide real-time feedback. Here, we examine its efficacy.
Methods
We programmed an interactive EEG database using Visual Basic for Applications in Microsoft Access (Microsoft Corporation, Redmond, WA, USA). Data were retrospectively reviewed as approved by the local VA Institutional Review Board. Postgraduate year (PGY) 3 and PGY 4 Partners Neurology residents participated during their 2014À2015 VABHS EEG rotation.
The teaching program presented a pre-test, EEG modules, and post-test. Pre-and post-tests each contained 35 multiple-choice questions with five answer choices per question regarding a unique 10À15 s EEG screenshot. Questions were written by three fellowship-trained and board-certified epileptologists to represent normal EEG, normal variants, slowing, epileptiform discharges, and seizures. Pre-and post-test questions were written as matched pairs to cover similar topic matter with unique questions and EEG screenshots. All 70 questions were administered in random order to 10 neurology residents from a different program as a separate teaching exercise. There was no difference between pre-and posttest performance in this group (p = 0.16, Student's paired t-test).
Upon pre-test completion, residents received their score but no specific feedback. They subsequently reviewed 20 EEG teaching modules selected to represent common findings (Table 1) . Each module presented a pre-graded EEG via an interactive program providing immediate feedback and teaching points. Each EEG was scored by consensus of the three epileptologists by characterizing elements in a standard EEG report: EEG background and posterior dominant rhythm, drowsiness/sleep, photic stimulation and hyperventilation responses, artifacts, normal variants, slowing, epileptiform abnormalities, seizures, and EKG rhythm. EEGs were also scored on abnormalities summary and overall interpretation.
Residents reviewed each EEG independently using Natus XLTek software (Natus Medical Incorporated, Pleasanton, CA, USA) and entered their interpretations into the teaching program. Upon submission, resident interpretations were scored automatically by the program by comparing their entries to the pre-entered epileptologist consensus answer key. Residents were provided their individual scores, category sub-scores, fellow trainee average scores, pertinent findings summary, a narrative summary of important teaching points, and the annotated EEG identifying the key features (for example: ''This is an epileptiform discharge maximal at T3''). After review, trainees could discuss questions and review the EEG with an attending epileptologist. Immediately following completion of these 20 EEGs, residents were prompted by the program to take the post-test on the same day (timepermitting) or the subsequent day. The residents then received their scores and detailed explanations of test questions. At the end of their rotation, the residents were asked to estimate the time necessary to complete this program.
Results
Twenty-four residents started the teaching program. PGY-3 residents had previously received at least 2 weeks of formal EEG training. PGY-4 residents had received at least 4 weeks training. None had previously used the teaching program described here. Twenty residents were included in this analysis: twelve PGY-3 and eight PGY-4 neurology residents. Four residents were excluded: one because they completed 30 EEGs (rather than 20) prior to taking the post-test and the other three because they failed to complete the program due to absences. All residents showed improvement between pre-and post-tests with a mean improvement of 32.7% (95% CI 28.3%-37.1%), from 42.7% (95% CI 36.9-48.5%) on the pre-test to 75.4% (95% CI 70.7-80.2%) on the post-test (Student's paired t-test, p < 0.001).
PGY-3 and PGY-4 residents were also analyzed as separate subgroups. Both subgroups showed similar improvement. Mean improvement for the PGY-3 class was 32.0% (95% CI 25.9-37.9%) and mean improvement for the PGY-4 class was 33.9% (95% CI 27.5-40.4%), both with p < 0.001 (Fig. 1) . Neither baseline pre-test scores nor overall improvement was significantly different between the two groups (Student's t-test, p = 0.66 and p = 0.67, respectively).
Residents reported taking 16À30 h over 3 weeks to complete this program. The remainder of their rotation was focused on clinical duties including participating in epilepsy and general neurology clinics.
Conclusions
Despite the importance of EEG in neurology, few have investigated how neurology trainees are taught EEG. Interpreting EEGs under the guidance of clinical neurophysiologists has been shown to increased post-test scores in anesthesia residents [6] . In a similar group of residents, podcasting instead of traditional lectures was shown to be an effective means of EEG education via a matched pre and post-test model as was used in our study [7] . We now show that an automated EEG teaching program leads to significant improvements per tests of EEG interpretation knowledge. While not directly assessing resident EEG interpretation ability, multiple choice test questions regarding EEG clips are currently the main surrogate method used to assess EEG interpretation knowledge.
Beyond the directly measurable improvement in knowledgebased performance, this system offers several additional advantages over traditional teaching methods. First, this system is deployable anywhere Microsoft Access is available. Second, beyond the initial effort needed to select and enter teaching EEGs into the system, the system requires little additional time investment. Third, this system provides standardized EEG selection to trainees, thus ensuring that each trainee sees a wide variety of EEG patterns. Nevertheless, the system is customizable to allow for expansion and incorporation of new material. Finally, since the system is largely automated (providing feedback on errors and detailed instruction on relevant findings), EEG learning becomes more of an independent study activity for the residents. Although we did not directly study time commitment in this pilot study, replacing one on one instruction with independent resident study intuitively will decrease attending time demands, which will be a focus of future studies. Additional unique advantages include immediate feedback, as opposed to the more common practice of reviewing EEGs at a later time or date when an attending is available, and quantitative assessment of resident performance on EEG interpretation. The latter feature could be used to identify residents needing additional support. Also, the modular nature of the program also allows for intermittent spaced learning independent of structured EEG rotations. This technique of spacing out learning opportunities has been shown to improve long-term retention [8] .
Though this is a valuable demonstration of the possible academic utility of an automated EEG teaching program, this pilot study does have several weaknesses which will be addressed in future research. Whether rotation-based boluses of learning lead to long-term retention in EEG interpretation skills has not been directly assessed in either the conventional EEG teaching model or our current program, and will be a topic of future investigations. We also acknowledge that our study design did not allow for a direct comparison to a more conventional instruction method of direct faculty instruction, so we cannot directly compare the effectiveness of our method to the conventional method. Although subjectmatched multiple choice EEG tests, like the one used here, are the most common method used to assess ability to interpret EEG, it remains unclear whether improvement on tests of EEG knowledge translates to real world interpretation skills. Additional studies must be done to directly assess residents' ability to interpret EEG data and whether this method allows them to retain this ability long term.
Regardless, we have shown that our novel teaching tool has proven to be an effective method to increase resident knowledge of EEGs, and could be useful for adjunctive or direct education for the significant minority of residents who lack dedicated EEG training time.
Previous presentation
This work has previously been presented at the American Epilepsy Society (2015) as a part of a lecture on innovative teaching techniques given at the epilepsy fellowship directors meeting. 
